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(54) Apparatus for handling a load 

(57) Apparatus (1) for the handling of a load com- 
prising a support structure (2). means (3) for gripping or 
holding the load, at least one load-counterbalancing 
device (5-10) and means (21) of measuring the weight 
of the load. There is further provision for means for 
measuring the force applied to the load in at least one 



direction of movement and means of controlling the 
weight counter-balancing device automatically as a 
function of the weight of the load and the forces applied 
to it. 
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Description 

The present invention relates to a device for the 
handling of loads. 

This type of device is generally used to lift and 
move loads within the limits of a predetermined space 
e.g. at a mechanical component assembly station on a 
production line, or at a distribution point for products or 
for semi-finished products which must be sent to other 
work-stations for further operations to be carried out on 
them. Devices known to the prior art comprise substan- 
tially a means for gripping or holding the load, at least 
one load counter-balancing device and a means of 
measuring the weight of the load. 

An example of a prior device is reported in the Ital- 
ian Patent Application No. IT 26387-A/79 which 
describes a device for the handling of loads and in par- 
ticular a means of counter-balancing the load, compris- 
ing an electrically driven winch whose operation is 
controlled by two potentiometers which regulate the 
torque of the motor in the loaded and unloaded states. 

Another example of the prior device is reported in 
the French Patent Application No. PR 2386473 which 
describes an apparatus for the handling of loads com- 
prising a device for the measurement of the load in addi- 
tion to those elements already present in the 
aforementioned Italian patent application. 

In this way. once the electric motor torque values 
have been set for the loaded and unloaded state, the 
torque delivered by the electric motor is automatically 
adapted to the two different conditions. 

These devices have been found suitable for light 
loads. Increasing the load requires more robust struc- 
tures with greater inertia in the moving parts and more 
friction in the joints and parts moving across each other. 

Por this reason, although the weight of the load can 
be adequately counter-l)alanced, the handling of the 
load requires considerable effort because of the 
increased frictional forces between the various moving 
surfaces in contact. In practice, this type of apparatus 
was found to be inadequate for heavy loads, i.e. weights 
two or three times the maximum weights which could be 
carried by the prior apparatus described above. 

The aim of the present invention is to overcome the 
above problems of the apparatus of the prior art for 
moving toads. 

Within the scope of this aim, one object is to pro- 
duce an apparatus which allows loads - however heavy 
- to be handled without regard to the friction forces 
l^etween the >mrious moving surfaces in contact during 
handling of the load. 

Another object of the present irrvention is to 
inrprove the control of the apparatus during handling of 
the load by reducing the effect of the high momentum of 
the parts in movement. 

These object are achieved by the present invention, 
which relates to an apparatus for the handling of a load, 
of a type comprising a support structure, means for grip- 
ping or holding the load, at least one device for counter- 



balancing tiie weight of the load and means of measur- 
ing the weight off the load, characterized by having 
means for measuring the force applied to the load in at 
least one direction of movement. 

7 In this way the effective force an operative requires 

to exert to raise or lower a load sustained by the appa- 
ratus can be measured, tiius taking into account not 
only the actual weight of the load but also the frictional 
forces between the various moving surfaces in mutual 

10 contact. 

Tlie apparatus further comprises means of control- 
ling the weight counter-balancing device automatically 
as a function of the weight of the load and the forces 
applied to it. 

IS In tinis way the power delivered by tiie counter-bal- 
ance device is controlled in real-time as a means of 
assisting tiie movement imparted by tiie operative. 

In particular, the means of measuring tiie load 
weight and tiie means of measuring tiie applied force 

so consist of a weight measuring device which can gener- 
ate an electric signal which represents the load weight 
and tiie applied force. 

In this way the counter-balance device is able to 
automatically adjust the power delivered as a function of 

2S the effective weight. In other words, if the load has to be 
raised (or lowered), the operative must exert a force 
directiy upwards (or downwards); tiie greater tiie friction 
forces to be overcome, the more intense will be the 
effort required to effect the movement. The means of 

30 measuring the load weight are able to measure tiiis var- 
iation with respect to tiie load weight alone and so are 
able to generate a signal that enables tiie counter-bal- 
ance device to adjust the power supplied automatically. 
A further advantage of the present invention is tiiat 

35 tiie load movement operation does not necessarily 
require the pre-setting of the load weight or other 
parameters. 

Furthermore, tiie load can be handled directiy by 
hand witiiout tiie need of handles for moving tiie load 
40 and controlling the weight counter-balance control, thus 
facilitating the movement by the operative, who has both 
hands free. 

According to an advantageous aspect of the inven- 
tion, tiie means of automatically controlling the power 
45 supplied by the said device tor counter-balancing the 
load weight comprise at least one circuit for processing 
the signal being sent by the weight measuring device. 

This is particularly useful to prevent the real-time 
control of the power being delivered to the weight coun- 
50 ter- balance device from setting up undesirat>le oscilla- 
tions of tiie load and. tiius. of the entire support 
structure whenever the operative ceases to provide 
effort. 

In particular, tiie signal-processing circuit com- 
55 prises at least one section programmed to fitter out 
oscillations of tiie signal caused by abrupt variations in 
tiie force applied to the load. In practice, a suitable pro- 
gram averages the amplitude of the oscillating signal 
received from the weight-measuring device and sends a 
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level signal (with amplitude equal to the average of the 
original weight-measuring device signal) to the weight 
counter-balancing device. 

According to a preferred aspect of the invention, the 
weight counter-balancing device comprises at least one s 
electric motor connected mechanically to at least one 
wheel to permit the winding and unwinding of a flexible 
traction element. The latter may be comprised by a 
cable, chain, track or similar element. 

This embodiment of the weight counter-balance 10 
device is particularly versatile with regard to loads of dif- 
ferent weight and enables the limiting of momentum and 
friction due to the moving parts. However, it is possible 
to realize the weight counter-balance device by other 
equivalent means, e.g. pneumatic actuators, or provide 
other means of power transmission, e.g. r^uction gear- 
ing or worm and screw or other system known in the art. 

In one possible embodiment of the apparatus, the 
flexible traction element is formed by a chain, and the 
wheel is formed by a toothed wheel. Alternatively, 
depending on the maximum weight to be carried by the 
apparatus, the flexible traction element is formed by a 
multiple chain, and the wheel is formed by a toothed 
drum. 

In this embodiment of the apparatus, one end of the 
flexible traction element is attached to an arm hinged to 
the support structure of the apparatus. 

There are preferably other arms (attached by joints 
which allow the load to move in one or more directions 
or rotate about one or more axis) between the opposite 
end of the arm hinged to the support structure and the 
means of gripping or holding the load. 

In this embodiment of the weight measuring device 
is located near one of the joints between the arms, 
downstream of the weight counter-t)alancing device. 

According to another possible embodiment of the 
apparatus of the present invention, the apparatus itself 
could be suspended with a possibility of movement 
along a guide rail or other similar means. 

In this form of emk>odiment the flexible traction ele- 
ment is wound around one or more pulley blocks con- 
nected mechanically to the electric motor, and fixed at 
one end to at least one of the pulley blocks. The oppo- 
site end of the flexible traction element is fixed to a 
mobile part integral with the means of gripping or hold- 
ing the load. 

Alternatively, the flexible traction element is fixed at 
one end to a drum with helical groove connected 
mechanically to the electric motor, while the other end is 
fixed to a mobile part integral with the means of gripping 
or holding the load. 

In this further embodiment of the apparatus, the 
weight measuring device is located downstream of the 
weight counter-balancing device near the said mobile 
part integral with the means of gripping or holding the 
load. 

The invention will now be described in detail vtnth 
reference to the attached drawings, which are given by 



way of Illustration and not with iimitng purposes, and in 
which : 

fig. 1 is a schematic view of an embodiment of tiie 
apparatus according to the present invention, 
fig. 2 is a schematic side-view of a second embodi- 
ment of the apparatus according to the present 
invention; and 

fig. 3 is a schematic front-view of the embodiment 
shown in fig. 2. 

With reference to fig. 1. it is shown an apparatus 1 
comprising a fixed support structure 2, a mobile portion 
2a of such structure 2, and means 3 of gripping a load 
by an operative 4. The means 3 are represented for sim- 
plicity by a hook, but is understood to include any form 
which is found suitable to sustain the load. e.g. a frame 
to maintain a component in a particular position. 

In particular, the nrK)bi}e portion 2a is rotatable with 
respect to the fixed structure 2 atx>ut the axis A shown 
in fig. 1. 

Associated with apparatus 1 there is a device to 
counter-balance the weight comprising an electric 
motor 5 fixed to the mobile portion 2a of the support 
structure 2 and any necessary reduction gearing 6 to 
mechanically connect the shaft of the electric motor 5 
with tiie wheel 7. A flexible traction element 8 which may 
be a cable, a wire, a chain, a belt or sometiiing similar is 
wound and unwound onto the wheel 7 (which may be 
embodied as a winch drum). 

The flexible traction element 8. preferatsly a single- 
web or multiple-web chain, is fixed by one end to the 
end 10 of an arm 1 1 hinged at 12 to tiie mobile portion 
2a of the support structure 2. The chain 8 is f ixed by the 
opposite end to the mobile portion 2a, from which it runs 
across the driving tootiied wheel or drum 7 and the 
transmission toothed wheel or drum 9. The arm 11 is 
hinged on its opposite end 16 to a swinging link 13 to 
which are attached the further load-supporting ele- 
ments which will be described below. 

The arm 11 is twinned by another reinforcing arm 
14 to set up a parallel structure in which the eu^m 14 is 
hinged to the mobile portion 2a at one of its ends and to 
the swinging link 13 at the other. 

In fig.1 the positions of the arms 11 and 14, the 
swinging link 13 as well as the means 3 for gripping the 
load are also represented by dotted lines in the mini- 
mum and maximum elevations of the load above the 
ground level of the support structure 2. 

The swinging link 13 is connected to another arm 
18 which is always parallel to tiie ground whatever the 
position and elevation of the load, and can be rotated 
with respect to the swinging link 13 about the axis 
shown by B in fig.1. There is a joint at 18 the opposite 
end of the arm 1 8 to which is attach^ a supporting ele- 
ment 20 comprising at its free end the means 3 of grip- 
ping tiie load. 

The supporting element 20 shown in fig.1 is com- 
prised by a bar or rigkl beam. However, the supporting 
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element 20 could be comprised by any flexible element 
of a type already described as long as the weight coun- 
ter-balancing da/ice is able to assist the eles^ation 
movement of the load as soon as the minimum variation 
is detected In the force applied to it. 

In the embodiment shewn in fig. 1, the weight 
measuring device 21 is located in the joint 19 which 
connects the arm 18 to the supporting element 20. 
However, the same device 21 could be located in any 
suitable joint downstream of the weight counter-balanc- 
ing device. For example, the device 21 could be located 
on the swinging link 13 or at the end 1 0 of the arm 1 1 to 
which the chain 8 Is attached. These further possibilities 
offer the advantage of being able to locate the device 21 
in positions less subject to sudden jolts compared to the 
position shown in fig. 1 . 

In operation, suppose there was no load attached 
to the means 3 of gripping the load, the operative 4 can 
move the mol3ile elements of the apparatus 1 with the 
minimum of effort to bring the means 3 of gripping the 
load into the most convenient position to secure the 
load (not shown) to the apparatus 1 . The movements in 
the vertical direction are automatically assisted by the 
weight counter-balance device. 

Once the load has been secured to the means 3 of 
gripping, the operative 4 can easily move it to the 
release position with the same minimum of effort since, 
even in this case, the movement of the load in the verti- 
cal direction is automatically assisted by the weight 
counter-balance device which is able to deliver the nec- 
essary power to overcome the friction forces of the 
mobile elements of the structure. 

Indeed, the weight-measurement device 21 gener- 
ates an electric signal representing the weight of the 
load and the force applied to it. This signal is sent to a 
circuit controlling the power supplied to the electric 
motor 5, the circuit comprising a section for processing 
the signal according to a preset program. 

In particular, when the operative starts or finishes 
the movement of the load, there is a change in the sig- 
nal detected by the device 21 . The weight counter-bal- 
ancing device reacts by attempting to compensate this 
variation. This produces an oscillation of the signal from 
the device 21 and consequently produces an oscillation 
in the load that could reach the resonance frequency. To 
avoid this eventuality the signed is fatered to provide a 
level signal output witii the anplitude equal to the aver- 
age amplitude of the signal output detected by device 
21. 

Another possible embodiment of the apparatus 
according to the present invention is represented by the 
number 101 in figs. 2 and 3. In this embodiment, the 
apparatus 101 is suspended from a guide rail 102. e.g. 
in a box-structure as shown in figs.2 and 3, and is 
mobile along the rail 1 02 by means of the carriages 103, 
the latter being connected by a bracket 104 which main- 
tain the apparatus 101 suspended. 

The flexible traction element 105. e.g. a cable or 
something similar, is wourd around a wheel 106 con- 



nected mechanically to the electric motor (not shown) 
and one end is fixed to the wheel 106. while the other 
end of the flexible traction element 105 is fixed at 107 to 
a mobile part 1 08 integral with the means (not shown) of 

5 gripping or housing tiie load. The wheel 106 may com- 
prise one or more pulley-blocks or a drum, depending 
on the size of the load and the type of flexible element 
105 used in the apparatus. 

For example, in the embodiment shown in figs. 2 

10 and 3 the wheel 6 is comprised by a single pulley-block, 
while two return pulley-blocks 109 are provided along 
the vertical section of the flexible traction element 105 
and a further return pulley-block 110 is fitted to the 
mobile section 108 integral with the means of gripping 

15 or holding tiie load. 

In this further embodiment of the apparatus, the 
weight-measuring device 1 1 1 is always downstream of 
the weight counter-balance device, but near the mobile 
section 108 integral with the means of gripping or hold- 

20 ing the load. A spiral conductor 112 connects the 
weight-measuring device 111 to the control circuit 
housed in the firing 113 to allow regulation of the 
power delivered to the electric motor. 

This solution is particularly suitable where the 

25 apparatus 101 is used to move very heavy loads. 
Increasing the passes of the flexible traction element 
between the pulley-blocks 109 and 110 increases the 
friction which opposes the movement which the opera- 
tive 4 gives to the load in the vertical direction. The 

30 same is true if. to support very heavy loads, two or more 
flexible traction elements are used instead of a single 
one. 

Claims 

35 

1 . Apparatus for the handling of a load, of a type com- 
prising a support structure, means for gripping or 
holding tiie load, at least one device for counter-bal- 
ancing the weight of the load and means of meas- 

40 uring the weight of the load, characterized by 
having means for measuring the force applied to 
said load in at least one direction of movement 

2. Apparatus according to Claim 1 . characterized by 
45 comprising means of controlling the said weight 

counter-balancing device automatically as a func- 
tion of the weight of the load ar«i the forces applied 
toil 

50 3. Apparatus according to Claim 1 or 2. characterized 
by the said means of measuring the load weight 
and the said means of measuring the applied force 
consisting of a weight measuring device which can 
generate an electric signal which represents the 

55 bad weight and the applied force. 

4. Apparatus according to any of the preceding 
Claims, characterized by the said means of auto- 
matically controlling the power supplied by the said 
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device tor counter-balancing the load weight com- mechanically to the el^rtrlc motor, the other end 

prising at least one circuit for processing the signal being fixed to a mobile part integral with the means 

being sent by the said weight-measuring device. of gripping or holding the load. 



Apparatus according to any of the preceding s 
Claims, characterized by the said signal-processing 
circuit comprising at least one section programmed 
to filter out oscillations of the said signal caused by 
abrupt variations in the force applied to the load. 

10 

Apparatus according to any of the preceding 
ClaimSp characterized by the said weight counter- 
balancing device comprising at least one electric 
motor connected mechanically to at least one 
wheel to permit the winding and unwinding of a flex- rs 
ibie traction element. 



15. Apparatus according to any of the Claims 12 to 14. 
characterized by the said weight-measuring device 
being located downstream of the said weight coun- 
ter-balancing device near the said mobile part inte- 
gral with the said means of gripping or holding the 
said load. 



7. Apparatus according to Claim 6. characterized by 
the said flexible traction element consisting of a 
chain and the wheel consisting of a toothed wheel. 20 

8. Apparatus according to Claim 6. characterized by 
the said flexible traction element consisting of by a 
multiple-web chain and the wheel consisting of by a 
toothed drum. 25 



9. Apparatus according to Claim 6, characterize by 
one end of the said flexible traction element being 
attached to an end of an arm hinged to the said 
support structure. 30 

10. Apparatus according to any of the Claims 6 to 9. 
characterized by comprising one or more articu- 
lated arms between the said arm hinged to the sup- 
port structure and the said means of gripping or 3S 
holding the load. 

11. Apparatus according to any of the Claims 6 to 10. 
characterized by the said device of measuring the 
weight being located near one of the joints between 40 
the said arms, downstream of the weight counter- 
balancing device. 

12. Apparatus according to Claim 6 . characterized by 
the apparatus itself being suspended with a possi- 45 
bility of movement along a guide rail. 

13. Apparatus according to Claims 6 or 12, character- 
ized by the said flexit>le traction element being 
wound around one or more pulley blocks connected so 
mechanically to the said electric motor, and fixed at 
one end to at least one of the said pulley blocks, the 
opposite end of the said flexible traction element 
being fixed to a mobile part integral with to the 
means of gripping or holcSng the said load. ss 

14. Apparatus according to Claims 6 or 12. character- 
ize by the said flexible traction element being fixe 
at one end to a drum with helical groove connected 
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